jects it to an acid pH of 4 to 5 (4) . The acidophilic nature of this organism has been demonstrated through the stimulation of nutrient transport and catabolism in intact cells at pH 4.5 (6, 7) . Furthermore, prolonged maintenance of the adenylate energy charge of C. burnetii was possible at either pH 4.5 or 7.0 if the medium was supplemented with the appropriate substrate, notably glutamate or pyruvate (8) . Biosynthetic pathways were also operative in those studies because radiolabeled glucose, glutamate, thymidine, uridine, and guanosine were incorporated into acid-insoluble material at pH 4.5 (6) . However, few details were known about macromolecular synthetic processes in those intact C. burnetii cells during incubation in the axenic media studied.
The C. burnetii genome size is 1.04 x 109 daltons (15) , which provides a coding capacity for a large number of polypeptides. Therefore, it was expected that determination of the number of polypeptide species synthesized by the organism during incubations in axenic media might indicate either a complete growth cycle or a maintenance state. Furthermore, the determination of requirements for protein synthesis by C. burnetii in axenic media could provide useful information on the initial physiological processes occurring during infection. In studies on in vitro protein synthesis with cell-free extracts of C. burnetii, Donahue and Thompson (5) observed a noticeable lack of endogenous mRNA activity. These workers postulated that the rickettsial mRNA was quite labile. Hence, de novo mRNA synthesis would be a prerequisite for de novo protein synthesis in isolated C. burnetii cells and therefore may characterize an early step in the infection process.
Maintenance of a high energy charge in isolated C. burnetii cells could provide a better opportunity to obtain axenic growth (8) . Classic methods of propagation of C. burnetii in yolk sacs of embryonated hen eggs afford luxuriant growth of rickettsiae. However, the purification protocol is lengthy and cumbersome and may not be fully suitable for these metabolic studies. Therefore, we developed a more convenient method for the culture and isolation of C. burnetii applicable for studies on macromolecular synthesis.
This communication confirms earlier observations concerning the acidophilic nature of C. burnetii (6) (7) (8) . Studies performed on rickettsiae derived from heavily infected baby hamster kidney (BHK-21) cells, released either naturally or through mechanical lysis, indicate that moderate rates of protein biosynthesis occur in this organism when incubated in an axenic medium at pH 4.5. The results are discussed relative to the infection process of C. burnetii as it is believed to occur in vivo.
MATERIALS AND METHODS
Growth of BEK cells. BHK-21 cells, clone 13, were grown at 34°C in Dulbecco modified Eagle medium (DME; Flow Laboratories) containing 0.37% sodium bicarbonate (gas phase, 19%o C02, 81% air) and 10% heat-inactivated calf serum (Flow Laboratories). The viability of BHK cells was determined by the trypan blue exclusion method (16) (17) . Rickettsiae were allowed to absorb at room temperature for 30 min, after which monolayers were fed with 15 ml of complete DME. BHK cells were cultivated in monolayers for approximately 20 days before a persistent infection was established. At the time these experiments were performed, infected cells had been passaged between 10 and 20 times.
Rickettsial isolation. The spent tissue culture medium was replaced with fresh medium 12 to 15 h before harvest of nearly confluent, infected BHK cells. This allowed a population of naturally released C. burnetii organisms to accumulate. To obtain naturally released organisms, the tissue culture medium was removed and the monolayers were washed once with DME. Rickettsiae were pelleted by centrifugation at 30,000 x g for 25 min at 4°C. The resulting pellets were washed twice in Buffer A (22.3 mM K2HPO4, 135.7 mM KCI, 13 .4 mM NaCl, 89 mM glycine, 10 mM MgCl2, 1 mM glucose, 1 mM glutamate, 250 mM sucrose; pH 7.0) and then stored at 4°C. Infected BHK cells were harvested by trypsinization and subsequent centrifugation at 3,000 x g for 10 min at 4°C. Mechanically released C. burnetii cells were obtained by suspension of the BHK cell pellet in 20 ml of Buffer A, followed by five vigorous vortexing cycles (1 min of vortexing followed by 30 s in an ice bath). Unbroken host cells and debris were removed by centrifugation at 3,000 x g for 10 min. The resulting supernatant solution was saved at 4°C, and the pellet was subjected to a second vortex-lysing-centrifugation cycle in 10 ml of Buffer A. The combined supernatant solutions were centrifuged at 30,000 x g for 25 min at 4°C, and the pellets were washed once. The yield of C. burnetii was approximately 109 naturally released cells and 3 x 109 mechanically released cells per 75-cm2 flask.
Incubation for macromolecular synthesis. The final pellets of naturally and mechanically released C. burnetii cells were suspended in Buffer B (49 mM KH2PO4 or K2HPO4, 169 mM KCl, 16 mM NaCl, 120 mM glycine, 250 mM sucrose; pH 4.5 or 7.0) and immediately added to an axenic medium (7) with 0.1 mM glutamate and 0.1 mM glucose and supplemented with the remaining 18 amino acids at a final concentration of 60 ,uM unless otherwise indicated. C. burnetii organisms were at a final concentration of 0.5 x 109 to 3.0 x 109 cells per ml in this medium.
Incorporation of radioactivity was determined by spotting 0.1 ml of the rickettsial suspension onto Whatman no. 3 filter disks for each data point. Filters were air dried and then processed by the hot trichloroacetic acid method of Mans and Novelli (12) . Filters were assayed with 5 ml of a toluene-based scintillation cocktail in a Packard 460C Tricarb scintillation counter.
C. burnetii organisms were counted by the method of Silverman et al. (18) . However, a double fluorescent staining method was employed whereby the Shigella dysenteriae population was stained in 3 mg of ethidium bromide per ml for 24 h, washed twice in PBS, and then counted in a Petroff-Hausser chamber. The standardized S. dysenteriae solution was then mixed with Formalin-treated C. burnetii cells, which were stained by the method of Chen (3). The resulting mixture was immediately sprayed onto ethanol-washed microscope slides, and the concentration of C. burnetii was determined as described (18) .
Extraction of protein and gel electrophoresis. Upon completion of incubations, rickettsial suspensions were first chilled and then pelleted for 60 min at 30,000 x g at 4°C. The pellets were suspended in a solution of 10 mM Tris (pH 7.4), 1 mM MgCl2, 1 mg of lysozyme per ml, and 12 ,ug of DNase per ml and subjected to five cycles of freeze-thawing in dry ice-acetone and 37°C, respectively. Nonidet P-40 (0.6%) was added, and the protein was solubilized at room temperature for 1 h and then frozen at -20°C until electrophoresis could be performed. Electrophoresis was performed by the method of Laemmli (10) in 8 to 15% linear gradient polyacrylamide gels (with respect to the acrylamide concentration). Proteins were stained and fixed as described (10), and radioactive polypeptides were visualized through fluorography by the method of Bonner and Laskey (1) or with En3Hance (New England Nuclear Corp.). Density of polypeptide bands appearing in fluorographs was determined in a Beckman DU-8 spectrophotometer with attached gel scanning unit.
RESULTS Isolation of C. burnetii from infected BHK cells. When BHK cell cultures were challenged with C. burnetii, up to 95% of the cells eventually became infected. Many of the infected cells contained large vacuoles which resulted in gross deformity of the typical fibroblast shape. Greater than 90% of the BHK cells were lysed by the procedure used to obtain C. burnetii from the intracellular environment. C. burnetii cells which escaped host cell confinement and had accumulated in the medium over a 12-to 15- (Fig. 1A) . Thereafter, the protein synthetic rate in mechanically released C. burnetii cells decreased gradually, and after 10 h of incubation no further significant leucine incorporation was observed (Fig. 1B) .
When the leucine concentration in the medium Fig. 2 are mean values obtained from several gels. Qualitatively the two cell types appeared similar in pattern. Approximately 24 polypeptides were synthesized at pH 4.5 by each type. However, two polypeptides (with molecular weights of 87,000 and 27,000) were radiolabeled by naturally released C. burnetii cells, but were not significantly labeled 'by mechanically released organisms (Fig. 2A) . A 62,000-dalton polypeptide was radiolabeled by mechanically released C. burnetii, but was not significantly labeled by naturally released cells (Fig. 2B) Effects of isolation method on amino acid incorporation into protein. To determine whether the difference in extent of protein synthesis by naturally released and mechanically released cells (Fig. 1) was due to the more rigorous method of isolation used to obtain the mechanically released population, the following experiment was performed. Naturally released cells were harvested from the infected tissue culture medium by centrifugation as usual. The pellet was suspended in 20 ml of Buffer A and added to intact infected BHK cells, and the protocol used to isolate mechanically released C. burnetii was performed. The incorporation of [3H]leucine into hot trichloroacetic acid-insoluble material at pH 4.5 by the resulting mixture of mechanically released and naturally released cells was determined. The sum of incorporation at 24 h by equivalent amounts of naturally released cells The effect of the tissue culture medium on the ability of C. burnetii to incorporate amino acids was also investigated. Mechanically released C. burnetii cells were preincubated at approximately 5 x 108 cells per ml at neutral pH under the conditions described in Table 2 . The bacteria were then harvested, and their capability to incorporate [3H]leucine into protein at pH 4.5 was measured. When cells were preincubated in either PBS or DME without calf serum, subsequent activity decreased greater than 90% (Table 2). Conversely, if mechanically released cells were preincubated in either solution with 10% calf serum, the extent of incorporation was significantly enhanced (Table 2 ). These results suggest that the enhancement effect is somehow related to the presence of calf serum and not related to the defined components of the DME.
DISCUSSION
Both types of C. burnetii incorporate amino acids by a pH-dependent mechanism. Inhibition of protein synthesis by chloramphenicol and rifamycin and lack of inhibition by atractyloside indicated that this incorporation is not due to host cell constituents. Lack of incorporation into mitochondria and similarly extracted uninfected cells incubated under standard conditions provided further evidence for the rickettsial nature of this activity.
Mechanically released cells incorporated sig- The differences in the extent of protein synthesis between naturally released and mechanically released cells may be nutritional. Evidence for this is provided by the observation that mechanically released cells exposed to calf serum subsequently demonstrated a greater degree of amino acid incorporation during acid activation. This suggests that essential nutrients may be obtained during extracellular transit. Definition of these nutrients may be important in the development of a defined medium capable of sustaining axenic growth. Alternatively, the preincubation step used for mechanically released cells may have allowed the bacteria to differentiate to a sporelike quiescent state (9, 13), thus rendering them more responsive to appropriate growth conditions. However, differentiating bacterial systems often demonstrate temporal changes in the patterns of proteins synthesized (11, 19) , and such differences were not readily apparent between these two cell types.
Determination of the cellular location of the proteins synthesized in axenic media, the regulation of their expression, and the demonstration of their expression in situ is needed. This may provide a clearer understanding of the processes which occur during acid activation.
